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1,2 A limited number of recent studies published in English throughout Asia examine the costs of hospital laboratories in low-and middle-income countries (LMICs). [3] [4] [5] None of these, however, focus on anatomic pathology laboratories.
Three major factors affect composition of costs in hospital laboratories. 6 First, the type of test undertaken in the laboratory matters. A study of the median cost of representative tests across a sample of laboratories in the UK found that the standard hematologic test costs 2.4 times as much as the standard biochemical test, while the standard microbiological test costs 6.9 times as much. Even more damaging, the standard histopathologic test costs 48.1 times as much. 7 A major factor is the degree to which tests can be automated. The second important factor is volume, with larger volume being associated with lower cost (but also a slower turnaround time). 6 The third important factor is level of national income of the country, since that affects salary and space costs in particular, but tends to have less effect on cost of reagents and equipment if they are imported. 6 A cost exercise was undertaken for the calendar year 2015 focusing on the anatomic pathology laboratory at the University of Malaya Medical Centre (UMMC), a teaching hospital linked to the University of Malaya. 8 In 2015, UMMC had 1,060 beds and 19 clinical departments and catered to 55, 198 in-patients and 979,755 out-patients. The exercise was initiated with the objective of planning for eventual financial independence of the pathology department, focusing on anatomic pathology which is its most labor-intensive division and one generally assumed to be financially burdensome. The analysis presented here puts the UMMC anatomic pathology laboratory in the context of the limited available literature on similar laboratories in other countries, with the objective of comparing with costs of operating other labs in the same hospital, and of operating anatomic pathology laboratories in other countries.
The UMMC anatomic pathology laboratory is a modern, ISO 15189 accredited laboratory located on the sixth floor of the east wing of the hospital complex. With a total area of 6,500 square feet, it houses the histopathology, cytopathology, and molecular pathology services. Other laboratories at the hospital undertake analysis of clinical (biochemical and hematologic) and microbiological specimens. While its teaching hospital is the primary client of the anatomic pathology laboratory, it also caters to other private and public hospitals as well as independent laboratories, which choose to send specimens to be processed or reported by its pathologists. Experimental research materials are also accepted, processed, and reported accordingly.
Materials and Methods
The study period was defined as commencing on January 1, 2015, and ending on December 31, 2015. Information to be collected was classified into three major categories: workload, expenditure, and income of the laboratory. Expenditure data encompassed remuneration of staff, equipment, reagents, reagent rentals, reagent consumables, laboratory information systems (LISs), quality management, preventive maintenance, calibration, and repairs of equipment, which together formed the total direct cost. The total indirect cost accounts for shared services which are indirectly related to the running of the laboratory and includes: central administration, central waste disposal, engineering, information technology, security, and housekeeping. It also includes shared utilities including air-conditioning, electricity, water, telephones, and internet.
In the calculation of expenditures on staff, it is important to note that unlike many other hospitals which have patient service activities as their major core business, UMMC is heavily involved in two other core activities, namely the teaching and training of medical and allied health professionals and research. All staff are expected to actively participate in these three core areas, although not necessarily equally depending on the individual. The laboratory operates from Monday to Friday from 8:00 am to 5:00 pm with an hour's lunch break for all staff. The total number of working days in a calendar year is 243 days. Each staff member, being entitled on an average to 30 days of annual vacation, effectively works 213 days per year. To address the calculation of the number of staff required to carry out the work related to the anatomic pathology service alone (minus the teaching and learning and research commitments), published studies [9] [10] [11] were used to establish the optimal requirement for staff in the workload of the laboratory.
For histopathology, the number of paraffin blocks were used as the unit of work to estimate the full-time equivalents (FTEs) required of anatomic pathologists, histopathology technologists, and other staff required for the histopathology service. The requirements by the Department of Standards of Malaysia, the body responsible for the accreditation of medical laboratories in Malaysia, 10 guided the calculation for number of anatomic pathologists and cytoscreeners for cytopathology. The expenditure on staff remuneration was calculated based on the optimal number of anatomic pathologists and histopathology technical and managerial staff required for the laboratory, multiplied by the median annual salary of the respective category of staff.
The optimal number of anatomic pathologist FTEs (histopathology) for the laboratory was derived based on data made available in the study by Maung.
11 It was not possible to follow the preferred method suggested by Maung, namely the number of complexity-weighted tests (using a "level four" equivalent as a good indicator of pathologist's workload), since these data are not routinely collected in the UMMC laboratory and could not be obtained retrospectively. In addition, it was desired to utilize a work unit that unified the workload of the anatomic pathologists and the histopathology technologists, the two major categories of staff in an anatomic pathology laboratory, because of the ease of calculation.
Therefore, following Kohl et al, 9 who had identified the paraffin block as the central work product, the number of paraffin blocks were used to quantify the workload of both the anatomic pathologists and the histopathology technical staff. Using the data from 26 laboratories, which provided the ratio of optimal FTE anatomic pathologists vs blocks in Maung's study, 11 the optimal annual median workload was calculated to be 6,103 blocks per FTE anatomic pathologist.
The number of histopathology technical staff was based on Kohl et al's 9 calculation of 6,433 paraffin blocks/ FTE. For purposes of this study, "histopathology technical staff " included certified technologists and noncertified personnel. The former are involved in accessioning, specimen cut-up, specimen processing, embedding, microtomy, routine and special staining, immunohistochemical staining, molecular diagnostics and frozen section preparation.
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The latter are involved in specimen transport, filing, and transcribing reports. The appropriate number of managerial staff required was estimated following Kohl et al's 9 calculation of a 6:1 ratio of technical to managerial staff.
The cost of equipment was amortized over a period of 10 years while that of hardware linked to the operations of the LIS (computers, printers, barcode scanners, and printers) was amortized over 5 years. Equipment and LIS licenses, computers, printers, barcode scanners, and label printers (which the authors considered for teaching, learning, and research) were not included in the expenditure for this study. As the hospital is sited on the premises of the University of Malaya, the latter being an infinite lifespan gift from the government of Malaysia, the laboratory does not pay rent for the space it uses. Nevertheless, the estimated rental for space in the vicinity of UMMC is about 4 Ringgit Malaysia (RM) per square foot and would be used in the calculation of the expected rental. All calculations are in Ringgit Malaysia with RM 1 equating to 0.31 US$ and 0.33 AUS$ on June 15, 2015.
12
The study was approved by the UMMC Institutional Review Board.
Results

Workload
❚Table 1❚ captures the total workload of the UMMC anatomic pathology laboratory in 2015. The laboratory received a total of 13,346 cases for histopathologic diagnosis, from which 38,403 formalin-fixed paraffin blocks were made and 46,019 H&E-stained sections were cut. Although autopsies at UMMC are performed by the forensic pathologists from the Department of Forensic Pathology, tissues for histopathologic examination are processed at the anatomic pathology laboratory. In 2015, tissues from 341 autopsies were received for processing into 2,102 paraffin blocks and equal number of H&E sections. A total of 6,406 (3,934 gynecologic, 1,478 nongynecologic, 994 fine-needle aspiration) cytology cases were received and these translated into 13,822 smears. These included conventional and liquid base cytology (ThinPrep Pap Test, Hologic, Marlborough, MA) smears. Other ancillary analyses included limited molecular pathology tests, which encompassed analyses for the human epidermal growth factor receptor 2 (HER2) gene amplification, epidermal growth factor receptor (EGFR) mutations, and detection of the Epstein-Barr virus early RNA (EBER). The laboratory also carried out 10,656 histochemical stains and 12,101 immunohistochemical stains.
Expenditure
The expenditure of the laboratory in year 2015 is shown in ❚Table 2❚. The anatomic pathology laboratory had been relocated at a cost of RM 5,634,440 (US $1.75m) to a new area in the hospital in December 2013. This provided an opportunity to factor in the financial implications of setting up a new anatomic pathology laboratory into this study. Apart from physical renovations of the new laboratory site, the total package included the cost of fittings, laboratory furniture, and few pieces of new equipment. For this study, these cost were amortized over 25 years.
Based on methods outlined previously, the laboratory workload of 38,403 diagnostic histopathology blocks would require 6.3 (38,403/6,103) FTE anatomic pathologists (rounded up to seven). Similarly, the 40,505 total paraffin blocks would require 6.3 (40,505/6,433) FTE histopathology technical staff (rounded up to seven). Note that the blocks from autopsies are processed by the histopathology technical staff but do not require the input of the anatomic pathologists, hence the difference in workload in blocks between the pathologists and the technical staff.
In cytopathology, the Malaysian accrediting body necessitates the pathologist to report a minimum of 750 cases per annum to ensure competency, as per ISO 15189 accreditation. 10 Based on this recommendation, the laboratory can accommodate a maximum of 8.5 anatomic pathologists to cope with its 6,406 cytologic cases (gynecologic, nongynecologic, and fine-needle aspiration). However, as 10 to the anatomic pathologist. Hence the 13,822 smears (from the 6,406 cases) spread over 213 working days in 2015 would mean 64.9 smears per day. This figure equates to 1 FTE anatomic pathologist and 1 FTE cytoscreener for the cytology workload, in addition to the histopathologic workload estimated above.
The number of managerial staff required was estimated as 1.2 (rounded to two) based on the eight technical staff and the 6:1 technical to managerial staff ratio described previously.
The anatomic pathologists' median monthly salary was computed as RM 13,500, technological staff RM 2,300, and managerial staff RM 4,200. The expenditure on staff remuneration for the laboratory totalled RM 1,617,600 (US $0.50m) in 2015 based on eight anatomic pathologists, eight technical staff, and two managerial staff.
The equipment dedicated for the anatomic pathology service totaled RM 2,343,161 (US $0.73m) and the equipment cost was amortized over a period of 10 years. In addition, the laboratory also has two BenchMark ULTRA (Ventana Medical Systems, Tucson, AZ) and two BenchMark XT (Ventana Medical Systems) automated systems and a cobas 4800 (Roche Diagnostics, Indianapolis, IN) on loan to it for carrying out all of the immunohistochemistry, HER2, EBER, and EGFR analyses on a reagent rental basis. Reagents, reagent rentals, and consumable costs are covered by the annual allocation from UMMC, and totaled RM 1,052,300 (US $0.33m) for 2015.
The license for use and maintenance of the LIS totaled RM 480,000 for 15 workstations. Fifteen computers, four printers, and two barcode scanners and printers were from the Information Technology department of the hospital, with a total estimated cost of RM 70,000. The hardware for running the LIS was amortized over five years. RM 10,048 was invested in the subscription to external quality assurance and RM 3,800 to the accrediting body. Preventive maintenance, calibration, and repairs of equipment totaled RM 23,888. These five items combined totaled RM 531,736 (US $0.16m).
The total indirect cost was estimated by microaccounting at RM 0.50 for the production of each H&E-stained slide, unstained slide, intraoperative frozen section, cytopathology smear, and autopsy H&E-stained slide, as well each molecular pathology, histochemistry, and immunohistochemistry analysis. This totaled RM 43,534 (87,068 × RM 0.50, US $0.01m) in 2015.
Rental for space was imputed (there was no charge for use of space) at RM 4 per square foot, the estimated rental price of space in the vicinity of the hospital. This would lead to a total monthly rent payable of RM 26,000 for the 6,500 square feet laboratory space, and an annual rent of RM 312,000 (US $0.1m). Salaries are the largest component of the budget (40.3%), followed by reagents, reagent rentals, and consumables (26.2%), and then the LIS (12.3%). Equipment accounted for 5.8%. Expenditures in laboratories for equipment have diminished with the tendency to pay reagent rentals rather than purchase equipment. Rental of space accounted for 7.8%, and renovations to space plus furniture for another 5.6%. The remaining 2.0% was accounted for by small, miscellaneous items.
Income
The division had total sales of RM 2,747,674 (US $0.85m) from UMMC clients. In addition, it also collected a total of RM 1,778,665 (US $0.55m) from sales of its services to its secondary clients, including sales to other government hospitals, private medical centers, and research activities. Total income, the sum of these two sources, was in excess of the expenditure by RM 509,474 (US $0.16m) in 2015.
Comparison With Other Laboratories at UMMC
We used hospital administrative data to compare the anatomic pathology laboratory with the other laboratories at UMMC. We compared the pathology laboratory's operational allocation grant in 2015 vs that of the clinical laboratory (which includes laboratory hematology and biochemistry) and that of the medical microbiology laboratory (which includes virology). These were also individually compared against the total operational grant of the hospital ❚Table 3❚.
In 2015, UMMC's operational allocation totaled RM 523,516,546 13 of which 77.8% was provided by the government of Malaysia, to subsidize health care provided for citizens in its public hospitals. Malaysia has a two-tier health system, but with a strong public role in protecting the poor and providing universal health coverage. 14 The allocation for all three laboratory services combined constituted 3.9% of the total hospital's operational grant. Of this, that for anatomic pathology was the lowest and formed 5.2% of the allocation for all the laboratory services, and 0.2% of the hospital allocation. Although the budget share is modest, anatomic pathology examination and confirmation are crucial for diagnostic confirmation of cancers as well as predicting and monitoring their outcome. 15 The importance of this is growing in view of the increasing share of cancer in the global burden of disease. According to the World Health Organization, cancers are now the second-leading cause of non-communicable disease deaths, after cardiovascular diseases. 16 
Comparison With Other Anatomic Pathology Laboratories
❚Table 4❚ compares the UMMC anatomic pathology laboratory costs with those of two other similar laboratories for which data are available, namely a reference laboratory in Kamuzu Central Hospital, Lilongwe, Malawi 7 (one of only two such laboratories in the country 17 ), and the anatomic pathology laboratory at the Nebraska Medical Center. 1 The laboratories perform similar but not identical functions: UMMC has a larger proportion of cytology work than Kamuzu Central Hospital, and the Nebraska Medical Center does not report any cytology undertaken in the laboratory. However, although cytology accounts for 31% of the cases at UMMC, the workflow calculations suggest it only accounts for one-eighth of staff time.
The methodology of cost calculations for the other two laboratories is not identical to that used here for UMMC. The costs in Lilongwe are based on records from donations made to set up the laboratory. The costs reported per slide in Nebraska do not include time and cost for pathologist review and interpretation. 
Discussion
Strengths of this study include the fact that it adds to the very thin literature on economic aspects of pathology in LMICs, and because of the recent complete renovation of the UMMC laboratory, data were available on the cost of renovating and furnishing an entire laboratory. Limitations included that the renovation cost contained the cost of a few pieces of durable equipment (such as fume cabinets), which could not be broken out separately. Using paraffin blocks as the unit of workload is not as good as using more elaborate complexity-weighted workload measures, such as those used in high-income countries. The comparisons with laboratories in other countries are not definitive, due to differences in costing methodology, as well as differences in laboratory function.
There are important differences in cost and cost structure among the laboratories. The results of calculations of some ratios based on Table 4 show that the annual number of histopathology cases per bed is considerably higher in Nebraska (41.2) than UMMC (12.9) (this figure is not relevant for Lilongwe, which serves primarily as a reference laboratory). The difference in cases per bed likely reflects different disease burdens (for instance, there is more cancer treatment in the US) as well as shorter hospital stays in the US than in Malaysia (hence a higher ratio of cases per bed).
The cost per histopathology slide (rounded to the nearest US dollar of 2015) are $149 in Lilongwe as compared to $25 in UMMC and an estimated $24-$28 in Nebraska. The high costs in Lilongwe are likely due to low volume (note that in Lilongwe we have underestimated the cost per slide slightly, since 9% of the volume is cytology, which costs less per case than histopathology slides). The laboratory in Lilongwe produces only 3.3% as many slides as UMMC, and 1.1% as many as Nebraska. One would expect that costs per slide would be lower in UMMC than in Nebraska due to lower salary levels: the difference is likely that the costs for UMMC include the time for pathologist interpretation and review of slides, whereas those in Nebraska do not.
A comparison of the budget shares for staff, consumables, equipment, and other items across the three laboratories is instructive. Comparing UMMC and the Nebraska Medical Center, staff costs are a smaller proportion in UMMC (as one might expect, due to lower labor salaries), consumables are a smaller proportion (reagent rental contracts for equipment are still less common than in the US), and equipment is a larger proportion (for the same reason, and also because there are additional costs of importing equipment into Malaysia). UMMC undertook more comprehensive estimates of space and renovation/furniture costs in their methodology, which may account for that higher share of "other" items. By comparison, the laboratory in Lilongwe has a higher equipment cost share (reagent rentals are not as common in sub-Saharan African laboratories). Salary costs in Lilongwe account for a noticeably larger share of costs, and consumables noticeably smaller than in the other two laboratories, despite having the lowest salaries per person. Hospital laboratories in sub-Saharan Africa tend to run at low levels of capacity, due to the high rate of payment for health care out-of-pocket, and the limited health care spending (Modupe Kuti, personal communication). This tends to increase the share of fixed costs (like equipment and key personnel), and reduce the share of recurrent costs (ie, consumables, which vary directly with workload).
It is noteworthy that the study of UMMC showed that laboratory income exceeded expenditure. Given that some of the costs (in particular space) included economic but not financial costs (no actual rent was paid for space), the estimated balance of income over expenditure is somewhat underestimated. Other factors making this estimate conservative include rounding up the number of staff required, and using a 10-year period for amortizing equipment, which is conservative. Budget for Nebraska is not provided, and figure represents authors' estimate based on data published on cost per slide and annual volume of slides; year of costs for Nebraska is also not specified.
b
Budget shares may not sum exactly to 100% due to rounding.
It is encouraging that it is possible for the work of the anatomic pathology laboratory to more than cover costs, despite the very labor-intensive nature of the work, similar to the highly automated clinical laboratories. 3, 5 At the same time, it is important not to compromise on labor. This is particularly relevant in the setting of increased complexity demanded of the anatomic pathology report, which will see more time required of the anatomic pathologist to prepare a report. In spite of availability of protocols with error mitigation techniques, errors still occur in medical settings as baseline performance reliability is less than 80% in the majority of clinical care areas. 18 This finding is of particular importance in specialties like anatomic pathology which is very reliant on human input. In the present-day climate of stressful expectations for rapid turnaround time for reports and increased complexity of anatomic pathology reports, more detailed studies incorporating input from human behavioral experts may be necessary for actual determination of optimal workload and FTEs.
Conclusions
The anatomic pathology laboratory is highly labor intensive but nonetheless critical, especially in the management of cancers. As the current study shows, it can be financially self-sustaining. In order to maintain quality, it is important that the anatomic pathology laboratory always carefully implements steps to minimize human errors in its highly labor-intensive activities. These may include introducing further mitigation steps and techniques throughout the work process, further automation, and working closely with other medical specialties to reduce unnecessary stress on the anatomic pathology laboratory. Costing studies such as these can provide insights into laboratory operation.
